Reduction of the lipocalin type heme containing protein nitrophorin -- sensitivity of the fold-stabilizing cysteine disulfides toward routine heme-iron reduction.
The determination of the redox properties of the cofactor in heme proteins provides fundamental insight into the chemical characteristics of this wide-spread class of metalloproteins. For the preparation of the ferroheme state, probably the most widely applied reductant is sodium dithionite, which at neutral pH has a reduction potential well below the reduction potential of most heme centers. In addition to the heme iron, some heme proteins, including the nitrophorins (NPs), contain cysteinecysteine disulfide bonds. In the present study, the effect of dithionite on the disulfides of NP4 and NP7 is addressed. To gain deeper understanding of the disulfide/dithionite reaction, oxidized glutathione (GSSG), as a model system, was incubated with dithionite and the products were characterized by (13)C NMR spectroscopy and reverse phase chromatography in combination with mass spectrometry. This revealed the formation of one equivalent each of thiol (GSH) and glutathione-S-thiosulfate (GSSO(3)(-)). With this background information, the effect of dithionite on the cystines of NP4 and NP7 was studied after trapping of the thiols with para-cloromercurybenzyl sulfonate (p-CMBS) and subsequent matrix assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) where the heterolytic cleavage of the SS bond appears with only 2molar equivalents of the reductant. Furthermore, prolonged electrochemical reduction of NP4 and NP7 in the presence of electrochemical mediators also leads to disulfide breakage. However, due to sterical shielding of the disulfide bridges in NP4 and NP7, the cystine reduction can be largely prevented by the use of stoichiometric amounts of reductant or limited electrochemical reduction. The described disulfide breakage during routine iron reduction is of importance for other heme proteins containing cystine(s).